Background {#sec1_1}
==========

In patients with acute ischemic stroke, early treatment with recombinant tissue plasminogen activator (rtPA) improves functional outcome by effectively reducing disability and dependency \[[@B1],[@B2]\]. Recent guidelines for the treatment of ischemic stroke recommend that the time from arrival at the hospital to the initiation of the thrombolytic treatment should be 1 h or less \[[@B3]\]. The quality of the in-hospital care pathway is often measured by means of the time from the moment the patient enters the emergency department (ED) until he/she receives intravenous rtPA: the door-to-needle time (DNT). Intraorganizational barriers to timely thrombolysis relate to the availability of a neurologist, blood drawing and measurements, computed tomographic (CT) imaging and skilled nursing staff \[[@B4],[@B5]\]. In the Netherlands, the percentage of patients receiving thrombolysis within 1 h is a mandatory indicator of hospital performance for external accountability.

In a large university hospital in the Netherlands, stroke care has been guided by a hospital-wide protocol since 2001. The neurology department implemented several quality initiatives to improve the care for acute stroke patients, especially focusing on the percentage of patients receiving thrombolysis \[[@B6],[@B7]\]. Improving DNT started in 2005 with a yearly training of residents and nursing staff, including 'dummy runs'. Pocket flowcharts with protocol summaries were first handed out in 2006 and were updated regularly. In July 2007, the ED initiated the use of the Manchester Triage System (MTS) protocol. The MTS is a sensitive tool for marking those who need critical care on arrival in the ED. Stroke patients obtain the highest emergency code red \[[@B8]\]. From October 2007 onwards, treatment was started in the CT room, and DNT was reported for every patient at the morning report. Individual feedback was given to all doctors who exceeded the 1-hour time threshold. In October 2009, a CT scanner was placed in the ED and treatment started immediately after noncontrast CT imaging was done, but before CT angiography. In November 2010, a prenotification single-call activation system was put in place, alarming the neurology resident, radiologist, radiology laboratory personnel and the ED nurse. In May 2011, it was decided to have a second neurology resident on duty during the weekends to ensure the availability of a doctor at any time.

We aimed to study quality improvement from the first implementation of thrombolysis in this university hospital. We further aimed to identify specific interventions that affect DNT.

Methods {#sec1_2}
=======

We included all acute ischemic stroke patients admitted to a large university hospital in the Netherlands between 2006 and 2012. We focused on those treated with thrombolytic therapy on admission. A retrospective interrupted time series design was used to evaluate longitudinal effects \[[@B9]\]. Segmented regression analysis of the interrupted time series data allowed us to assess how much an intervention changed the DNT. The time series experiment is a reasonable alternative when the condition of a true experiment cannot be met \[[@B9]\].

Data were collected routinely for research purposes and internal quality measurement (the Erasmus Stroke Study) and for the reporting of the performance indicator 'timely thrombolysis' in ischemic stroke patients. All patients with acute stroke admitted to the neurology department were entered into the registry. Completeness was cross-checked with hospital administrative systems. Data were entered and checked by medical researchers. They were anonymized for analysis and could not be related to individual patients. The data collection did not change over time. The Erasmus Stroke Study has been approved for use in scientific medical studies by the institutional review board of Erasmus MC. We selected quality interventions that had a fixed starting point in time to include in the model. Selected interventions (i) were the start of the educational program (i1), MST protocol (i2), CT scanner at the ED (i3), prenotification system (i4) and second neurology resident (i5).

We report descriptive statistics using percentages, means and standard deviations or medians and interquartile ranges. We estimated the trend in DNT from the start of the measurement in 2006 and tested for changes in the dependent variable 'before and after intervention' with a segmented regression analysis. Two models were considered. The first model was: log(DTN) = α + β~T~T. The second model was: log(DTN) = α + β~T~T + ∑~1-5~ \[β~i~I~i~\] + ∑~1-5~ \[β~i\ ×\ T~I~T~ × T\], where T (time) represents the time from the start of the measurement period (continuous variable, months starting at 1), and β~T~ expresses the overall trend before the interventions. I (intervention) represents the difference between before and after intervention (i), coded 0 for prior to the intervention and 1 for after the intervention; β~i~ expresses the drop in DNT immediately after an intervention, and β~i\ ×\ T~ indicates the change in trend over time. Both models were fitted with and without inclusion of potential confounders (age and sex). The estimate (e^β^ -- 1) × 100 represents the percentage change in DNT. The confidence interval was calculated as 100 × \[e^β^ ± (1.96 × SE) -- 1\], where SE is the standard error for the β parameter considered. We additionally performed a logistic regression analysis to estimate change over time in the percentage of patients receiving thrombolysis within 1 h. Statistical analysis was done with IBM SPSS statistics v. 20 and R v. 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results {#sec1_3}
=======

Between January 2006 and December 2012, 1,703 patients with ischemic stroke were admitted and 285 (17%) were treated with rtPA. We excluded 17 patients because of referral from another hospital for intra-arterial thrombolysis, 3 patients because of an in-hospital event and 3 patients because of missing data, leaving 262 patients. Patients treated with thrombolysis were on average 63 years old at the time of the stroke and 52% were male (table [1](#T1){ref-type="table"}). Mean age (p = 0.58) and sex distribution (p = 0.98) did not change over the years. The proportion treated with thrombolysis increased from 5% in 2006 to 22% in 2012 (fig. [1](#F1){ref-type="fig"}). In 2006, none of the patients were treated within 1 h. In 2012, this had increased to 81% (fig. [1](#F1){ref-type="fig"}). In a logistic regression analysis this trend was significant (OR 1.6 per year, CI 1.4-1.8). The median DNT was reduced from 75 min in 2006 to 45 min in 2012 (p \< 0.001, in a linear regression model). In this period, a 12% annual decrease in DNT was achieved (CI from 16 to 8%). We could not find a significant association between any specific intervention (fig. [2](#F2){ref-type="fig"}) and the trend in DNT.

Discussion {#sec1_4}
==========

The percentage of patients treated within 1 h increased from 0 to 81%. This increasing trend is observed in several other studies \[[@B10],[@B11],[@B12]\].

We found that the median DNT was successfully reduced by 30 min between 2006 and 2012. Although the DNT improved significantly, we could not attribute this trend to one or more specific interventions. We note that all implemented interventions have been proven effective in the literature \[[@B3],[@B5],[@B13],[@B14],[@B15],[@B16],[@B17],[@B18],[@B19],[@B20],[@B21],[@B22]\]. An explanation for the lack of significance in our analysis may lie in a slow and gradual effect of our interventions. We selected only those interventions with a fixed starting point in time for our analysis. Other initiatives, such as discussing the DNT for every patient at the morning report, could also explain the reduction in DNT (residual confounding). We hypothesize that the cumulative effect of various interventions lowered the DNT. The constant and increasing focus on improvement may have steered the perception of urgency among physicians and ED personnel. Such a perception might translate into faster action to initiate treatment \[[@B5],[@B23]\]. This highlights the complexity of quality improvement within a single-center setting and of relating the results to a single measurement. A recent review evaluated the effectiveness of improvements from quality collaboratives, especially feedback systems \[[@B24]\]. It concluded that although the evidence of the impact of quality collaboratives is positive, it is also limited because of the complex nature of improvements and the different ways they are applied. Our results resemble those of Meretoja et al. \[[@B25]\], who reduced the median in-hospital delay to 20 min with multiple concurrent strategies, but they did not relate the decrease of DNT to any single intervention. It hence remains unclear what specific mechanisms or interventions are responsible for the quality improvement.

We assumed that the groups of patients were similar every year. We could check this assumption for age and gender and stroke severity, which were similar over the years and did not affect the findings. Other, unmeasured, confounders may however have influenced the results. We speculate that the increase in the proportion of patients treated with rtPA over the years means that more complicated patients were also treated, for example those with not readily available information on contraindicated medication, or with fluctuating symptoms or high blood pressure. This implies that the observed trend in decreased DNT would even have been stronger if the same selection of patients had been made as in the early years of rtPA treatment.

Our results support the use of performance measures for internal communication. Median DNT should be used on a monthly or quarterly basis to inform all professionals treating stroke patient of their achievements. Measuring and reporting DNT could be helpful in keeping professionals focused and in improving performance \[[@B15]\].

Limitations of our research are the single-center design without a control group and a relatively small sample size. The small sample size may explain our lack of statistically significant results for specific interventions. It implies that scientifically valid evaluations of local implementation are only possible in large centers with large caseloads. The lack of effect of specific interventions may be explained by a type 2 error (lack of power) or by a true absence. It remains unclear if the performance indicator is not suitable for explaining the individual interventions (type 2 error or lack of power) in the single-center setting or if the intervention itself did not have a major impact. Furthermore, we did not focus on measuring more specific parts of the care processes, like 'onset to door time', 'door-to-CT time' or 'door-to-neurologist time', while this could be beneficial in guiding future improvements. Recent findings suggest a more comprehensive approach to the total chain of care enabling rtPA treatment to eliminate bottlenecks in the entire pre- and intrahospital care pathway \[[@B21],[@B26],[@B27]\].

In conclusion, both DNT and the percentage of patients treated within 1 h after ED admission improved significantly, presumably through the combined impact of a series of structural and logistic interventions.
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###### 

Demographic characteristics

  Year    Admissions to hospital for ischemic stroke, n   Thrombolysis after admission to ED, n   Mean age^1^ ± SD   Gender^1^ (male), n   Median DNT
  ------- ----------------------------------------------- --------------------------------------- ------------------ --------------------- --------------
  2006    262                                             12 (5)                                  60±14.9            6 (50)                75 (70--100)
  2007    266                                             13 (5)                                  60±17.2            8 (62)                65 (45--85)
  2008    200                                             31 (16)                                 67±16.5            15 (48)               60 (42--90)
  2009    232                                             45 (19)                                 62±17.4            25 (56)               50 (36--72)
  2010    235                                             54 (23)                                 62±16.1            27 (51)               40 (27--68)
  2011    242                                             49 (20)                                 65±14.7            26 (53)               40 (25--55)
  2012    261                                             58 (22)                                 63±15.8            29 (50)               35 (23--56)
  Total   1,703                                           262                                     63±16.1            136 (52)              45 (30--70)
